Cryptosporidiosis, microsporidiosis, and cyclosporiasis were studied in four groups of Tanzanian inpatients: adults with AIDS-associated diarrhea, children with chronic diarrhea (of whom 23 of 59 were positive [ / ] for human immunodeficiency virus [HIV]), children with acute diarrhea (of whom 15 of 55 were HIV / ), and HIV 0 control children without diarrhea. Cryptosporidium was identified in specimens from 6/86 adults, 5/59 children with chronic diarrhea (3/5, HIV / ), 7/55 children with acute diarrhea (0/7, HIV / ), and 0/20 control children. Among children with acute diarrhea, 7/7 with cryptosporidiosis were malnourished, compared with 10/48 without cryptosporidiosis (P õ .01). Enterocytozoon was identified in specimens from 3/86 adults, 2/59 children with chronic diarrhea (1 HIV / ), 0/55 children with acute diarrhea, and 4/20 control children. All four controls were underweight (P õ .01). Cyclospora was identified in specimens from one adult and one child with acute diarrhea (HIV 0 ). Thus, Cryptosporidium was the most frequent and Cyclospora the least frequent pathogen identified. Cryptosporidium and Enterocytozoon were associated with malnutrition. Asymptomatic fecal shedding of Enterocytozoon in otherwise healthy, HIV 0 children has not been described previously.
Numerous gastrointestinal pathogens have emerged in recent
as an unknown coccidian in 1979 [14] , this parasite was called a large Cryptosporidium, alga-like body, or cyanobacteriumyears, including three important types of protozoa: Cryptosporidium, Cyclospora, and microsporidial species. Cryptosporidlike body from 1986 until 1993, when it was identified as Cyclospora [15] . Subsequent reports associated Cyclospora ium was first associated with human disease in 1976 [1] , and reports of intractable diarrhea multiplied in association with with acute, often relapsing diarrheal disease in children and adults, especially among travelers [16 -19] . In the United the AIDS epidemic [2 -5] . Subsequently, cryptosporidiosis was recognized to cause acute, self-limited diarrhea in immunocomStates, epidemics during the summers of 1996 and 1997 incriminated imported fresh produce [20, 21] . Organisms similar in petent hosts through transmission from farm animals or from person to person [6, 7] . Contaminated water supplies have appearance have now been described as infecting patients with diarrheal illness throughout the western hemisphere, south and caused large epidemics in the United States and United Kingdom, underscoring the public health importance of Cryptosposoutheast Asia, and parts of Europe [13, 22] . Patients with HIV/AIDS may be disproportionately affected [17, 23, 24] . ridium [7 -12] .
Acid-fast staining of feces to detect Cryptosporidium may Although many genera of the family Microspora were known have expedited recognition of Cyclospora [13] . First reported to be pathogens of invertebrate and vertebrate hosts, their role in human disease was not appreciated until the AIDS pandemic.
Six new species of microsporidia in AIDS patients, causing a wide spectrum of diseases, have been described [25 -29] . The
Received 30 April 1998; revised 6 October 1998. most common presentation is chronic diarrhea and wasting 6% -60% prevalence among such patients [29 -31] . Approxi- previous studies on diarrheal diseases [38, 39] and a new group
Patients and Methods
transmission electron microscopy (TEM). For TEM, stool was fixed in glutaraldehyde, osmium tetroxide, and uranyl acetate. Four groups of inpatients at Muhimbili Medical Center were After dehydration, it was embedded in resin, and ultrathin secincluded. The first was consecutive adults with AIDS who tions were poststained with uranyl acetate and lead citrate. were admitted because of diarrhea ( §3 loose or watery bowel Sections were examined for thick-walled round to ovoid eumovements per day) of at least 30 days' duration, weight loss, karyotic organisms 1 -3 mm in length with characteristic polar and fever, who participated in a treatment trial for their diarbodies. rhea-wasting syndrome [39] . The second group was consecuFor Cyclospora, wet mounts of concentrated and unconcentive children aged 15 -60 months with chronic diarrhea who trated feces were examined for oocysts by phase-contrast miwere admitted to a specialized pediatric diarrhea ward over a croscopy. Second, fixed smears were stained with a modified period of 6 months [38] . Chronic diarrhea was defined as diaracid-fast procedure and examined by light microscopy. Third, rhea occurring for more than one-half of the days in the precedunstained smears were examined with ultraviolet fluorescence ing month. The third group was consecutive children aged 15 -microscopy at 365 nm for autofluorescent oocysts. 60 months admitted to the pediatric surgery ward for acute All results from a given subject were pooled to determine trauma or elective surgery with no history of diarrhea in the the net intestinal parasitic infection of that subject. Subjects previous 3 months, selected as controls for the preceding group.
with these parasites were compared to each other and to those These three groups have been described in greater detail [38, without mens were concentrated by the formalin -ethyl acetate procedure [40] , and some was reserved for analysis of unconcenSeven (13%) of the 55 children with acute diarrhea (table trated specimens. All slides were examined without knowledge 1) had Cryptosporidium, none had microsporidia, and one (2%) of the patient's age or HIV status by at least two investigators had Cyclospora in fecal specimens. Fifteen were HIV-positive, and one technician. For detection of Cryptosporidium, thin but eight of the 15 were aged õ1 year so their antibodies to smears of the concentrate were prepared with Kinyoun and HIV may have been maternal. None of the patients infected auramine-rhodamine stains (Difco, Detroit) and direct fluoreswith Cryptosporidium were HIV-positive (P ú .05). One cent monoclonal antibodies (Merifluor; Meridian Diagnostics, Cyclospora-infected patient was HIV-negative. Cincinnati), according to the manufacturers' instructions.
Patients with cryptosporidiosis (median age, 9 months) Slides were scanned at 4001 magnification, and suspected tended to be younger than patients without cryptosporidiosis cysts were confirmed under oil immersion. Polyvinyl alcohol -(median age, 16 months; P Å .4) and patients with no parasites prepared specimens were stained by the Wheatley trichrome (median age, 23 months; P Å .07). Gastrointestinal manifestamethod (Difco) [40] .
tions differed between the groups. All children with cryptosporFor microsporidial spores, thin smears of unconcentrated idiosis, vs. 20 of 48 children without cryptosporidiosis, were stool-formalin suspension were stained with use of Weber's vomiting (P Å .004). Similarly, severe dehydration was more modified trichrome method as described [41] . Slides were exfrequent among children with cryptosporidiosis (4 of 7) than amined by the scanning of 100 oil-immersion fields (1, 0001 among children without such infection (9 of 48; P Å .05). magnification). All positive or questionable slides, plus a ran-
The frequency, duration, and character of diarrheal stools were dom sample of negative slides, were sent to a highly expericomparable. There were no significant associations with doenced research laboratory and reexamined to confirm the spemestic animals, developmental milestones (crawling or walkcies with use of these criteria: spores were sized 1 -3 mm, ing), or the type or location of domestic toilets or water supply. stained pink to red, were ovoid, and contained a distinctive Nutritional status was poor. Seventeen had kwashiorkor and/or marasmus [42] . Twenty-one were stunted (height-forequatorial belt -like stripe. Species identity was confirmed by / 9c61$$fe48 01-20-99 15:09:17 cidal UC: CID figure 1) . The patient infected with to protect against these parasites, malnutrition, or death.
Cyclospora also had Isospora belli in the stool specimen. Mortality was high: 11 (20%) of 55 died in the hospital, Patients had multiple previous and concurrent medical probwith no differences in the parasite subgroups. Length of stay, lems consistent with late-stage HIV infection, chiefly pneumohowever, was significantly longer in the cryptosporidiosis nia, tuberculosis, oral candidiasis, and skin infections. These group (median, 10 days; range, 2 -18 days) than in the rest of infections occurred proportionally among patients with intestithe sample (median, 4 days; range, 1 -17 days; P Å .03). The nal protozoa. Diarrhea was less frequent among those with patient with cyclosporiasis stayed 17 days. cryptosporidiosis (median, 2.0 bowel movements per day after admission) than among the remainder of the patients (median,
Children with Chronic Diarrhea 3.5 bowel movements per day; P Å .04). Abdominal tenderness was common (49 of 86). Hepatosplenomegaly was noted in 14 These 59 children (table 1) included 5 (9%) with cryptosporipatients (18%), including one with microsporidiosis, but none diosis, 2 (3%) with microsporidiosis, and none with cyclosporiwith cryptosporidiosis or cyclosporiasis. asis. Since these children were aged at least 15 months, their
Patients with cryptosporidiosis had lower neutrophil counts HIV testing results indicated true infection; 23 (39%) were (median, 1,596/mL; range, 875 -1,870/mL) than the rest of HIV-positive, including 3 of 5 children with cryptosporidiosis the patients (median, 2,457/mL; range, 1,106 -6,132/mL; and 1 of 2 with microsporidiosis. P Å .003). The abdomen was normal in all 7 patients with these parasites but abnormal in 30 (58%) of 52 without parasites (P õ .001); abdominal distension was most common (15 of Discussion 30). The diarrhea itself did not differ between the groups. Again, there was no association between these parasites and This report describes three emerging gastrointestinal protozoa in four inpatient groups in urban east Africa, where they domestic toilet facilities, water supply, animals, or development.
have been studied little. Cryptosporidium has been described in several African studies but not in parallel cohorts of children Nutritional status was extremely poor. Forty-three (73%) had kwashiorkor and/or marasmus [42] . Thirty-nine (66%) were with acute and chronic diarrhea and asymptomatic controls. A study in the mid-1980s revealed cryptosporidiosis in 48% of stunted (HAZ, õ 02.0) and 37 (63%) were wasted (WHZ, õ 02.0). Four of five patients with cryptosporidiosis and both adults with enteropathic AIDS in Kinshasa, Zaire [45] . These early results were widely quoted as representative of Africa, patients with microsporidiosis were malnourished.
Length of stay did not differ for the children with parasites fostering the fallacy that 52 nations and 540 million people were homogeneous in this respect. Combining three sensitive or the rest of the group. Mortality was higher than in the acute diarrhea group: 17 (29%) of the patients died in the hospital, and specific techniques [46 -49] , we identified Cryptosporidium in 13% of children with acute diarrhea and 8% of children including 2 of 5 with cryptosporidiosis.
with chronic diarrhea but in no controls. The lack of association with HIV infection may have been due to the prevalence of
Control Children Without Diarrhea
malnutrition among these patients [50] . Furthermore, we found Cryptosporidium in 7% of adult The 20 children in this group (table 1) were admitted with trauma (11), benign tumors (3), and 6 other isolated surgical AIDS patients with chronic diarrhea, though the frequency would likely have been higher had we examined more than problems (1 each). Clinical findings were restricted to the condition necessitating admission. All 20 children were HIVone specimen per patient in the adult group. Estimates of the increase in yield of protozoa from additional specimens vary negative.
The most noteworthy finding in four of these children were from 10% to 15% [51] . In rural Tanzania, Cryptosporidium was found in 20% of AIDS patients with diarrhea but in none microsporidial spores in their stool, despite the absence of any gastrointestinal symptoms over the preceding 3 months.
without diarrhea [52] . At Kenyatta Hospital in Nairobi, Kenya, Cryptosporidium was identified in 4% of stool samples submitCryptosporidium and Cyclospora were not identified.
While there was no severe malnutrition in this group, six of ted for routine microscopy, primarily from children aged õ5 years [53] . 20 were underweight [42] . Five were stunted (HAZ, õ 02.0) and one was wasted (WHZ, õ 02.0), indicating chronic and A community-based study in rural Kenya showed Cryptosporidium in 4% of children with diarrhea but in none without acute malnutrition, respectively. All four children with microsporidiosis were underweight, vs. only two of the others diarrhea [54] . In North America and Western Europe, Cryptosporidium was identified in 1% -3% of patients with diarrhea, (P Å .003).
/ 9c61$$fe48
01-20-99 15:09:17 cidal UC: CID excluding those in known outbreaks, and in 5% -10% of pathis study. Because of this and the limited sample size, we cannot draw firm conclusions regarding the pathogenicity of tients with diarrhea in Asia and Africa [6, 55 -57] . Among HIV-infected patients with diarrhea in the United States and these three protozoa in our patients. Lack of protection from breast-feeding is consistent with findings from investigations Europe, 11% -21% excrete Cryptosporidium [2, 58] , while in Africa, a 12% -48% prevalence has been reported [45, 59, 60] . with a primate model [62] . Microsporidia, generally E. bieneusi, cause up to 70% of Thus, in a second consecutive study (cf. [38] ), cryptosporidiosis in Dar es Salaam was at the low end of the prevalence range otherwise unexplained cases of chronic diarrhea involving patients with AIDS and low CD4 cell counts [61] . The modified reported for Africa.
Clinically, the distinctive findings were vomiting and dehytrichrome stain for stool and duodenal aspirates provides a useful means of screening clinical specimens [41] . However, dration among children with acute diarrhea who had cryptosporidiosis. This is consistent with the pathology of crypdetecting fecal protozoa depends on both the intensity of the infection and the sensitivity of the diagnostic tests. Thus, we tosporidiosis, which affects the duodenum and upper jejunum as well as the ileum and colon [56] . In addition, these patients examined two specimens per patient (when possible) and multiple slides per specimen, and we used multiple techniques for were hospitalized more than twice as long as the complementary group, underscoring the potential severity of cryptosporieach specimen. Nonetheless, the single light microscopic technique for microsporidial spores may have been relatively less diosis. Fecal leukocytes were common among these patients, including those with cryptosporidiosis, in contrast to other resensitive than the combined techniques for Cryptosporidium and Cyclospora. Compared with TEM, the sensitivity and specports [61] . This finding and the frequency of fecal blood (28%) suggest that some patients may have been coinfected with other ificity of the three methods used for the detection of microsporidial spores were as follows: 100% and 82.8% for modified pathogens. However, we did not look for other pathogens in Cyclospora is the most recently described of these three posed the species name cayetanensis [15] . Worldwide, similar organisms have now been described as occurring in persons with protracted diarrheal illness [13, 24, 66] . trichrome staining, 100% and 77.4% for calcofluor chitin staining, and 83.3% and 96% for indirect immunofluorescent stainCyclospora caused several outbreaks of diarrhea in North America in 1996 -1997, advancing our understanding of the ing [63]. The lower limit of detection was about 50 organisms per mL of stool and required examining up to 100 oil-immersion transmission and incubation of cyclosporiasis [20, 21] . More detailed information came from studies in Nepal, Peru, and fields. Stool concentration did not help sensitivity [41] .
Scant data are available on intestinal microsporidiosis in Haiti [16, 18, 23, 67] , but little was known about Cyclospora in Africa. Cyclospora commonly caused chronic or relapsing HIV-infected African adults [32 -37] , and little is known about microsporidial infections in children worldwide. In Zimbabwe, diarrhea (ú11%) in travelers and nonnative residents of Nepal that was associated with consumption of untreated water during E. bieneusi spores were identified in stool from 10% of adults with known or suspected HIV infection and diarrhea but in no the hot, rainy season [16] . In Nepal, Cyclospora was found in 5% of symptomatic children and 2% of asymptomatic children children with diarrhea, regardless of HIV infection. Enterocytozoon was identified by light microscopy in 7% of duodenal aged ú18 months but in no children aged õ18 months [68] . In a longitudinal study in the slums of Lima, Peru, 9% of and jejunal biopsy specimens from HIV-infected persons in Uganda and Zambia [37] . Among HIV-infected patients with children developed fecal cyclosporiasis, but only one-third of those had diarrhea [15] . A cross-sectional survey in Lima dediarrhea in Zambia, TEM of duodenal biopsies and light microscopy of stools revealed Encephalitozoon (Septata) intestitected Cyclospora in 1.1% of children (1.6% of those aged õ8 years; 0.3% of those aged ú8 years), again with strong seasonal nalis in 3% but no enterocytozoon infections [36] . Another Zambian study identified microsporidia by light microscopy in variation [18] . Again, only one-third of these children were symptomatic at some point during oocyst excretion. Diarrhea 23% of adults with HIV-associated chronic diarrhea [35] .
Only two reports from Africa describing pediatric microsportended to be mild and short-lived. For comparison, adults were all negative for Cyclospora. idiosis have been published. In rural Zambia, a 7-month-old HIV-negative boy was identified as having E. bieneusi infection In a prospective study of Haitian AIDS patients with chronic diarrhea, 11% were positive for Cyclospora, vs. none of the [32] . He had a good nutritional status, no history of diarrhea, and no other intestinal pathogens, and he was negative for controls [23] . Clinical features were not distinctive, but treatment with trimethoprim-sulfamethoxazole stopped the diarrhea microsporidia 9 months later. In an outpatient clinic in Niger, 1% of children with diarrhea and 0.5% without diarrhea had in 1 -5 days and terminated oocyst excretion. In addition, two placebo-controlled trials of trimethoprim-sulfamethoxazole E. bieneusi infection [64] . These children were not tested for HIV. E. bieneusi was identified in 7% of HIV-infected adults demonstrated its efficacy for cyclosporiasis [18, 69] . Histologically, AIDS patients infected with Cyclospora may have higher with õ50 CD4 cells/mL in the same clinic.
We identified Enterocytozoon spores in 2 (3%) of the chilparasite densities than immunocompetent individuals [23, 24] . In contrast, Cyclospora was identified in only 1 of our 86 dren with chronic diarrhea (1 HIV 
